
Recommendations for  

Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the  

Columbia River Basin 
 

A Roadmap to Make Strategic Investments in  

Federal Columbia River Power System and Technology Innovation Programs 

 

March 2014 

 
 

 

Bonneville Power Administration 

 

 

 

 



 

 

 

 

  



Page 1 of 21 

 

 

 

 

Contents 

Purpose & Scope 

A. Prevention 

A.1 Watercraft Inspection 

A.2 Watercraft Decontamination 

B. Management 

B.1 Dreissenid Mussel Eradication 

B.2 Rapid Response Preparedness 

C. Vulnerability Assessments and Mitigation  

C.1 Vulnerability Assessments 

C.2 Mitigation 

D. Biology 

E. Monitoring 

 

  

Recommendations for  

Dreissenid Mussel Prevention, Management, Research,  

Coordination, and Outreach for the Columbia River Basin 



Page 2 of 21 

 

  



Page 3 of 21 

Purpose & Scope 
 

Aquatic Invasive Species (AIS), and particularly dreissenid 

mussels, have been receiving increased attention from decision 

makers and natural resource agencies in recent years because of 

their economic, environmental, and social threats. Funding 

requests for needed AIS prevention has outstripped both state and 

federal agency budget capabilities.  

 

Because limited funding is available in the current budget climate 

to address priority AIS issues, a coordinated strategy (roadmap) of 

where state, federal tribal and local water resource managers 

invest its resources is needed. 

 

 

 

This roadmap is focused on technology research and development 

needs. For policy, coordination, training, and other needs that are 

not addressed through the development of technologies that 

enable products or services, see the appendix. 

 

For an explanation of the roadmap diagrams below and full 

background on how to use them, see the front matter in either the 

Collaborative Transmission Technology Roadmap or the National 

Energy Efficiency Technology Roadmap Portfolio, both of which 

are linked on the Bonneville Power Administration Technology 

Innovation Office’s website: 

http://www.bpa.gov/Doing%20Business/TechnologyInnovatio

n/Pages/default.aspx. 

 

 

 

 

 

 

 

 

 

 

 

 

  



Page 4 of 21 

  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

A. Prevention

A.1 Watercraft Inspection

D1 The CRB is a boater 
destination and therefore 
receives watercraft traffic from 
throughout the United States and 
parts of Canada.

D2 Because of budget constraints, however, 
watercraft inspection and decontamination 
(WID) stations are only open seasonally and 
usually closed during nighttime hours.  As a 
result, state aquatic invasive species managers 
are concerned that contaminated boats are 
passing through these defenses.

CG1 To effectively stop the spread 
of dreissenid mussels requires a 
perimeter of watercraft inspection 
stations around the CRB as well as 
improved efforts to decontaminate 
fouled watercraft at their source.

CG2 Needs additional watercraft 
inspection time and geographic 
coverage to form a perimeter 
defense to help prevent an 
introduction. 

TC3 Program - Electronic Data 
Collection System

CG3 Need to continue to pursue 
the implementation of a regional 
AIS Passport system.
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  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

A. Prevention

A.2 Watercraft Decontamination

D1 Removing all mussels , especially 
from heavily fouled large watercraft has 
proven challenging - Decontamination of 
watercraft by resource agencies is 
accomplished through hot water 
pressurized wash.

D2 Removing dead mussels is important because a false 
positive finding may result from the presence of mussel shells or 
DNA in samples collected for genetic analysis (polymerase chain 
reaction {PCR}). This can result in unnecessary concern and 
expensive action if unexplained shells drop or are scrapped-off the 
hull and are subsequently discovered at a boat ramp or the lake 
bottom, or if the watercraft is intercepted in transit

D3 Alternative decontamination 
technology has not been rigorously field 
tested to date, and therefore hot pressure 
wash is still the most widely used 
decontamination technology

CG1 Need alternative methods to 
hot spray watercraft decontamination 

CG2 Need to seek to develop 
additional technologies for watercraft 
decontamination that are effective in 
killing and removing dreissenid mussels.

CG3 Need to decontaminate ballast 
tanks 

CG4 Need to work with 
watercraft/recreational industry partners in 
the development of watercraft designs that 
reduce the threat of spreading AIS.

TC1 Drying time acceleration
“Dip” tanks, dry ice blasting
Semi-automated wash systems, and 
chemical treatments

TC2 Ballast water filtration

RD1 Ballast water filtration system developed 
by the watercraft industry for recreational 
watercraft

University of Nevada Reno (final stages of  
completing its testing) 

RD2 “Semi-Green” watercraft. 

Aquatic Nuisance Species Task Force Meeting 
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  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

B. Management

B.1 Dreissenid Mussel Eradication

D1 If mussels are found in the mainstem of the 
Columbia River, it is unlikely eradication will be 
possible, however, if they are found at a boat ramp or 
embayment on the Columbia River, where a section 
of the water can be isolated and treated, eradication 
may be feasible

D2 Importance of environmental 
compliance issues - the eradication of a 
mussel population will almost certainly 
employ a biocide.

CG1 Need that state and federal water 
resource managers develop their own 
planning mechanisms because each 
jurisdiction differs in its regulatory 
requirements for mussel eradication

D3 The use of biocides or other 
mitigation techniques may require permits 
under the Clean Water Act (CWA), ESA, 
FIFRA, and NEPA (state and federal).
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  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

B. Management

B.2 Rapid Response Preparedness

D1 Dreissenid mussels typically 
establish firmly in a watershed prior to 
detection, detected population has not 
dispersed widely or reproduced (i.e., 
eradication is still reasonable to consider) 
(CRB)

D2 CRB Plan are intended to enhance 
interagency coordination beginning with 
the discovery of an infestation through 
containment and initial control efforts

CG1 Need to coordinate a rapid, 
effective, and efficient interagency 
response to delineate, contain, and when 
feasible, eradicate zebra, quagga, and 
other dreissenid mussel populations if 
they are introduced in CRB waters

CG2 Need a separate management 
plan developed and implemented by the 
individuals or organizations with authority 
and responsibility for managing the 
infested site(s) -Long-term monitoring 
and control of a permanent infestation 

CG3 Need that states develop their 
own planning mechanisms because each 
state differs in its history of dealing with 
aquatic invaders, its agencies and 
authorities, and its capacity for a 
coordinated management response. 

CG4 Need to development of 
vulnerability assessments - At the water 
project level

CG5 Facility managers need to be 
prepared to address the consequences of 
an infestation.
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Product/Service Area :

Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

C. Vulnerability Assessments and Mitigation 

C.1 Vulnerability Assessments

D1 Dreissenid mussels are 
aggressive bio-foulers. When present 
in raw cooling water, they can seriously 
jeopardize industrial facilities using 
this water unless defensive steps are 
taken.

D2 A facility assessment process 
usually requires considerable time for 
planning and coordination, background 
research, site visits, evaluation of data 
and preparation of a report.

CG1 Need a vulnerability (AKA 
“facility”) assessment - detailed analysis 
of existing structures to determine 
potential impacts of a dreissenid mussel 
infestation.

TC1 Vulnerability Assessment (VA) Team:  
survey to determine the status of VA’s in the 
CRB - document prioritizing high-risk 
facilities PSMFC (with support from BPA)

D3 The specific risks and problems that a particular facility will have 
with a dreissenid introduction will depend on how the raw water enters 
the facility; any processes to treat or transform the water for various 
facility applications; the routing of all piping branches and location of 
components and equipment, including materials of construction; and 
the operating envelope of the various water systems (e.g., maximum 
and minimum flow rates, frequency of operation, temperature ranges).
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  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio
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Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

C. Vulnerability Assessments and Mitigation 

C.2 Mitigation

D1 There are a number of commercial 
treatment products that have not been 
listed, but may be applicable in various 
situations

D2 The CRB poses some unique challenges 
for the use of biocides in mitigation because of 
Endangered Species Act considerations (e.g., 
salmon and steelhead) and the necessary 
environmental assessments that would need to be 
undertaken before a product is approved. 

CG1 Vulnerability Assessments Need include 
management strategies and cost options for long-term 
mitigation for a mussel infestation (i.e., identifying 
actions or technologies best suited for maintaining 
water operations and reducing operations and 
maintenance costs or other expenses).

TC1 Sodium Hypochlorite

RD1  Develop inventory of highest 

priority mitigation technologies 

suitable for FCRPS hydropower and 

fish facilities.

RD2  Research into foul-release 

coatings, and sharing the results of 

the research with regional entities

CG2 Need Mitigation Strategy 
Options: Further development of 
updated mitigation strategy options 
(both physical and chemical) that 
including cost estimates for 
hydropower facilities and fish. 

CG3 Need Environmental Permitting

TC2  Ultraviolet light TC4  Micro-filtration.

TC5  Potential Economic Impacts 
of Zebra Mussels on the 
Hydropower Facilities in the 
Columbia River Basin (Phillips et 
al. 2005)

TC6  Estimating costs of using foul-
release type coatings to mitigate 
Dreissena sp. mussel macrofouling
at a FCRPS facility (Wells and 
Sytsma 2013).

TC3  Zequanox® (biopesticide)
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  Product/Service Area :
Dreissenid Mussel Prevention, Management, Research, 

Coordination, and Outreach for the Columbia River Basin

Roadmap Portfolio

Drivers

Capability

Gaps      

Technology 

Characteristics

Technology Roadmap:

R&D 

Programs

R&D Program Requirement

Existing R&D Program or Project

Commercially Unavailable Technology

Commercially Available Technology

Capability Gap

Driver

D. Biology

D1 An effective Dreissena sp. 
treatment and control program in 
the CRB includes proven 
technologies, operational flexibility, 
rapid implementation, and cost 
effective and dependable strategies.

D2 It is difficult to estimate the 
population density and growth rates 
of reproducing dreissenids in the 
CRB, yet mussel density and growth 
rate dictate the cost of mitigation

CG7 Need to calculate the expected 
time required for veligers to travel from 
the upper extremities of the Columbia 
River to Portland. This requires better 
information on larval development rates 
under the temperature and calcium 
conditions in the Columbia River.

TC1   Understanding of spread and 
impact of invasive mussels

CG2 Need to investigate potential 
for long-term reproductive success, 
specifically the potential for successful 
dreissenid spawning and juvenile 
survival in the CRB

CG3 Need to collect additional 
calcium and pH data in various parts of 
the Columbia watershed to better 
predict dreissenid mussel levels in this 
environment.

D3 There are examples of 
hydropower management agencies 
purchasing mitigation equipment 
that was never used.

CG1 Need to bolster knowledge of 
risk of establishment by improving 
understanding of the ability of primary 
and secondary tributaries to the 
mainstem Columbia to support quagga
and zebra mussels. 

CG4 Need to investigate the 
possibility of reservoir management 
strategies that could be used for the 
control of established dreissenid
populations. 

CG5 More research regarding the 
potential for successful spawning and 
juvenile survival is needed.

CG6 Need research on the expected 
time required for newborn mussels to 
travel from the upper extremities of the 
Columbia River to Portland may be 
advisable.

RD1 “Enhanced monitoring and investigation of 
the spread and potential impact of aquatic 
invasive mussels in the Columbia River Basin,” 
(Technology Innovation project number 276) 

WSU and USGS

RD2 Bonneville Technology Innovation 
Program study, “Quagga Mussel Growth and 
Survival” (project number 232)

PSU
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E. Monitoring

D1 The sheer volume of 
water and number of hydropower 
and dam facilities

D2 Need to detect the earliest 
stages of dreissenid mussel exposure 
or infestation so that response 
planning and budgeting for protective 
measures can be initiated.

TC1 FlowCAM - flow-through device 
with a digital camera, microscope 
lenses and (in the case of this 
particular model) polarizing camera.

CG1 Need to detect the earliest 
stages of dreissenid mussel exposure 
or infestation so that response 
planning and budgeting for protective 
measures can be initiated.

CG2 Need to prioritize the highest 
risk water bodies in the CRB

CG3 Need to identify and sample in 
areas at high risk for mussel introduction 
and establishment, and at locations where 
monitoring is not currently occurring or 
where additional efforts would increase 
detectability.

RD5 100th Meridian Initiative -
Coordination of monitoring 

CRB Team.

RD6 Data collection PSMFC and the 
USGS 

PSMFC and the USGS (Cook, 
Washington)

TC2  PCR - Molecular assays based on 
PCR can amplify DNA in water samples 
(i.e., environmental DNA or eDNA) and 
detect the presence of AIS at high 
levels of sensitivity and specificity.

TC3  Geographic Information System (GIS) layer 
describing all of the river access points on the 
mainstream Columbia and Snake Rivers and major 
tributaries, and information to enhance current 
understanding of relative use of these river access 
points.

RD1 Determination of the appropriate 

level of sampling to obtain optimal 

coverage (i.e. probability of detection). 

RD2  Determination of volume of water 

that is currently being sampled 

(veligers) for dreissenids by all 

agencies in the CRB

RD3  Increase monitoring 

capacity (sampling and 

analysis) in the CRB. 

RD4 “Enhanced monitoring and 
investigation of the spread and 
potential impact of aquatic invasive 
mussels in the Columbia River 
Basin.”

WSU/USGS project #276

RD7 Technology Innovation 
project number 276 . USGS/WSU 
Technology Innovation project 
number 276

USGS/WSU 

RD8  Evaluating and prioritizing  

dreissenid monitoring activities to 

ensure highest risk water bodies 
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